Objective: To build a new activity-based, "bed to community", aetiology-independent measure of balance within the neurological rehabilitation setting by merging some existing scales. Methods: Balance scales were selected using a conceptual framework and subsequently administered to a convenience sample of adult patients with balance problems due to different neurological aetiologies. Data were then processed using classical psychometric analyses and Rasch analysis in order to construct a new balance measurement tool. Results: The Berg Balance Scale, the Tinetti Scales and the Fullerton Advanced Balance Scale were selected and administered to a sample of patients, giving 302 observations. Classical psychometric analyses (item and scale analysis; confirmatory factor analysis) were undertaken on the pooled 40-item set with confirmation of unidimensionality. The subsequent Rasch analysis allowed the identification of a 27-item set satisfying the Rasch Model's requirements for fundamental measurement, with further confirmation of unidimensionality by post-hoc confirmatory factor analysis.
INTRoduCTIoN
Balance is a function frequently impaired in stroke (1), traumatic brain injury (2) and many other neurological conditions (3). As balance impairment may lead to falls, and as it has been advocated that fall prevention strategies should be an integral part of rehabilitation programmes (4), it follows that the identification of patients with balance problems who may be at risk for falls, and the development of fall screening tools, should be essential components of any comprehensive fall reduction plan (4-6).
A recent systematic review identified as many as 30 different functional balance assessment tools (7) and new instruments are being continually developed (8). These tools can be either generic or disease-specific, and may be used for different purposes (e.g. assessing balance problems in patients admitted to an acute rehabilitation facility, or adults living in the community) and may cover different aspects of balance. As a result, balance scales may have different operational ranges, spanning the acute-community divide, making it sometimes necessary to use them in conjunction with other instruments in order to cover the whole spectrum of balance problems (1). As such, clinicians and researchers are presented with a wide, and sometimes confusing, array of options, making the choice of the right instrument for the intended clinical or research purpose difficult, although in this respect systematic reviews might provide some help (7).
Consequently, it may be desirable for clinicians and others to have available a single tool with proven measurement properties, allowing the measurement of balance "from bed to community" (i.e. within the hospital as well as in the community setting), regardless of the aetiology of the neurological lesion causing the loss of balance. Such a goal may be achieved by either: (i) making a new scale that has a wider operational range, or (ii) in some way seeking to combine existing instruments, so that they provide comparable measurement across a wider operational range. Given the current availability of many instruments it may be appropriate to try to make use of existing scales in the first instance, rather than investing time and resources in developing new instruments. one possible approach to bringing together different tools and constructing a common frame of measurement within the healthcare setting was demonstrated recently by Elhan et al. (9) , who constructed an item bank for measuring disability in patients with low back pain by calibrating items from 4 different questionnaires onto a single metric using classical psychometric methods and Rasch analysis. Thus, the aim of the current study was to construct a new measuring tool for balance activity limitations within the neurological rehabilitation setting by merging some existing scales of balance using both classical psychometric methods and Rasch analysis. As a result, we present here the Unified Balance Scale (uBS), a 27 activity-based "from bed to community" scale, which is an aetiology-independent measure of balance for neurological patients admitted to rehabilitation.
METhodS

Selection of instruments and administration guidelines
published balance scales were reviewed and some candidate scales selected using the following criteria: (i) popularity; (ii) possibility of being applied to patients with balance problems from various aetiologies; (iii) the widest possible range of measurement; (iv) availability of cut-off scores for predicting the risk of falls; and (v) coverage of as many conceptual domains of balance as possible. Regarding the latter criterion, the 4 balance sub-domains suggested by Franchignoni et al. (8) were adopted as the main conceptual framework, together with a further domain for static balance (10). hence, the conceptual framework adopted included the following 5 subdomains: (i) quiet stance; (ii) anticipatory postural adjustments/transitions; (iii) responses to external perturbations; (iv) sensory orientation; (v) stability during gait.
After selection, and in order to improve the inter-rater reliability of instruments, all raters involved in their administration used written scoring guidelines, together with a video detailing the items' administration procedures. Furthermore, raters underwent a single patient-based training session with an experienced physiotherapist (pC, SS, or SC). The Functional Independence Measure (FIM ™ ) and the Trunk Control Test (TCT) were also administered for sample selection and description.
In view of the high number of items to be administered, a protocol was devised in which items were grouped into "stations" according to the postural setting required to perform the requested activity (i.e. sitting position, transfers, static standing position, dynamic standing position, and walking). The protocol was initially trialled with 10 subjects, then items were re-ordered within each station according to their apparent difficulty (i.e. in the "static standing position" station items related to simple standing balance were administered earlier than items requiring standing with feet together). when the activity requested by 2 or more different items was the same (i.e. the 3 items related to "pivot turns") the patient was asked to perform the activity just once, whereas the rater scored the observed behaviour according to each item's specific score categories. Overall, these measures allowed both patient's and rater's acceptability to be improved by, respectively, minimizing fatigue and speeding up the administration of the entire protocol.
Patients and setting
data were collected at the Rehabilitation unit of Modena's Civil hospital, Italy, from April 2007 to June 2009 as part of a larger scale study to build item banks for balance and mobility. This ward is involved mainly in early rehabilitation of patients with elective orthopaedic surgery (total hip and knee replacement: 48.6%), stroke (28.2%), traumatic brain injury and other severe brain damages (12%), other neurological conditions (e.g. peripheral neuropathies, spinal cord injuries, etc: 10.4%) and other aetiologies (e.g. burns: 0.8%). For the larger project, general inclusion criteria were: all patients with a neurological lesion consecutively admitted to the unit as inpatient or outpatients, whereas exclusion criteria were: specific contraindications to mobilization (e.g. fractures, coexisting medical complications), tetraplegia or severe tetraparesis, inability to collaborate or giving informed consent (e.g. severely confused or agitated patients) and patient's unwillingness to participate. Minimum required criteria for the assessment of balance were: a score of 25 in the item "balance in sitting position" of TCT (able to maintain sitting balance independently without using upper limbs) or a score of at least 2 in the item "chair/wheelchair transfers" of FIM TM (requires maximal assistance or less from one caregiver only). where possible, inpatients were assessed twice (before and after treatment), for responsiveness evaluation purposes.
All patients gave their informed consent to take part in the study that was undertaken in compliance with the ethical principles set out in the declaration of helsinki (11).
Statistical analyses
The statistical analyses were carried out in 4 main steps: (i) item and scale descriptive statistics; (ii) assessment of unidimensionality of the pooled item set; (iii) Rasch analysis; and (iv) confirmation of the unidimensionality of the final item set.
Classical item and scale descriptive statistics. A variety of item and scale descriptive statistics were performed (12), including the analysis of response category frequencies, analysis of missing values (both for item and persons), inter-item correlations, item-scale correlation and analysis of internal consistency reliability.
Assessment of unidimensionality of the pooled item set. As Rasch models are unidimensional measurement models, they are based on the assumption that all items measure a single underlying dimension (9) . As a consequence, when the item pool is derived from a range of scales that may represent different domains, in this case related to balance, it is advisable to test acceptable unidimensionality prior to the Rasch analysis (8, 9) . As such, in order to assess unidimensionality a confirmatory factor analysis (CFA) for categorical data was undertaken. As strict unidimensionality will be considered during the Rasch analysis, the root mean square error of approximation (RMSEA) and the standardized root mean square residual (SRMR) were both set at ≤ 0.10, which is indicative of "mediocre fit", but is sufficient for an initial assessment. RMSEA is an estimate of the discrepancy between the covariance matrix predicted by the model and the population covariance matrix, if it were available. SRMR is the standardized difference between the observed covariance and predicted covariance where a value of zero indicates perfect fit. In addition, confirmation of a satisfactory CFA was established using the non-normed fit index (Tucker-Lewis Index; TLI) and the comparative fit index (CFI) where values above 0.95 (range: 0-1) were considered acceptable (8).
Thus, the objective at this stage is to identify a candidate set of items that will be refined further during the Rasch analysis. Should the CFA fail, an exploratory factor analysis (EFA) would be performed and model fit evaluated using the RMSEA that accounts for model parsimony (9) . Rasch analysis. Following the above analyses, data from the potential unidimensional item set were fitted to the Rasch Model (13). According to the model, a subject with a certain ability (level of balance) on the latent variable is expected to affirm (pass) items representing tasks associated with less ability, and to not affirm (fail) items representing a higher level, in this case, of balance. where data satisfy this pattern, together with the assumptions concerning local independence and unidimensionality, the data are said to satisfy the model requirements and the raw score derived from the scale can be transformed to interval scale measurement (13).
within the current study, a two-perspective approach was adopted. The first perspective was simply to identify and compare the operational ranges of the various tests against a single underlying metric, irrespective of the quality of fit of their respective individual items.
The second perspective was to subject the entire set of individual items to scrutiny in an iterative analytical process (widely known as Rasch analysis) to test whether these data meet the requirements of the Rasch measurement model. This process, here based upon the partial credit parameterization of the model, is reported in detail elsewhere (13-15). Briefly, various assumptions are tested:
• local independence, which was tested by the evidence that no significant association among item responses should be found once the dominant factor (balance) influencing a person's response to those items has been conditioned out (12) . This important assumption was tested by examination of the residual correlations where values above 0.3 indicated local dependence of the item set (13).
• The stochastic ordering of the items was tested by fit to the model. It was considered achieved when: (i) a summary χ 2 interaction statistic was non-significant, showing no deviation from model expectation; (ii) where item and person summary fit statistics approached a mean of zero and standard deviation of 1; (iii) where individual items showed non-significant χ 2 fit statistics (Bonferroni adjusted), and (iv) where individual item and person residuals were within the range of ± 2.5, which represents the 99% confidence interval.
• unidimensionality was tested with a t-test on separate estimates for each respondent (derived from subsets of items identified by a principal component analysis of the residuals), where less than 5% of such tests should be significant, or the lower bound of the binomial confidence interval for proportions was below 5% (16).
Where assumptions failed, an iterative phase involving item modifications was undertaken, aiming at finding a solution that satisfied the model expectations and assumptions. After each cycle of modification, model fit was reassessed. This included, in order:
• Checking the ordering of response categories for each item in order to establish whether the scoring model for each item worked in the expected manner. when this is not the case, item categories can be collapsed following published guidelines (17). In particular, we established different re-scoring pattern for each item individually, aiming at finding a solution that maximized both statistical indices and clinical meaningfulness (8).
• deletion of one or more locally-dependent items in a pair items to account for local dependency. The process started from the pair with the higher residual correlations and proceeded further until no pairs of items could be found with a residual correlation equal or above 0.3. In selecting the candidate item for deletion within a pair, the following criteria were applied: involvement in further pairs, misfit to the model, lower number of score categories, clinical meaning.
• Deletion of any further misfitting item.
After achieving a final solution fitting to the model the following further aspects were evaluated:
• Testing and accounting for differential item function (dIF) by clinically relevant key groups (such as age, gender or aetiology).
• The validity of the final item hierarchy suggested by the analysis, i.e. whether it was consistent with clinical expectations.
• The analysis of reliability, here expressed as the person Separation Index (pSI), where values above 0.70 are regarded as the minimum requirement for group level measurement, and values above 0.85 for individual person measurement (12). on the basis of pSI, it was possible to calculate the number of statistically distinct levels of person ability (person strata) that the scale was able reliably to distinguish (18).
• The analysis of targeting, which shows graphically how well individual item difficulty and individual person abilities can be matched on a common logit scale (13). The average person ability and spread (i.e. the standard deviation (Sd)) indicates how well the scale was targeted to the sample (14). Analysis of targeting also entails the demonstration of floor and ceiling effects and can also be assessed by checking visually with a person-item distribution graph that also indicates possible areas of construct under-representation (19).
Final confirmatory factor analysis. A final CFA was performed to confirm the unidimensionality of the item set.
Statistical notes, software and sample size issues
Analyses of descriptive statistics for persons and items were undertaken using SpSS (SpSS. version 13 for windows).where descriptive analyses showed skewed distributions, medians were used instead of, or along with, means. Factor analyses for categorical data were undertaken on complete data only using Mplus software (Mplus version 6.0; Muthen & Muthen, 1998 www.statmodel.com) . It was estimated that 250 observations (ratio subjects to items: 6.3:1) would be a suitable sample for these analyses (20) .
Rasch analysis was carried out on the whole data-set using RuMM2030 software (version 5.1 for windows). within the context of Rasch analysis, a sample size of 300 observations would estimate item difficulty, with an α of 0.01 to < ± 0.5 logits, irrespective of the targeting of persons to the items (21). A significance value of 0.05 was used throughout and corrected for the number of tests by Bonferroni correction (22).
RESulTS
Selection of instruments
After considering all the requirements for scale selection, 3 scales were selected out of an initial pool of 15 instruments: the Berg Balance Scale (BBS), the performance-oriented Mobility Assessment scales (Tinetti Balance (TB) and Tinetti walking (Tw)), and the Fullerton Advanced Balance Scale (FAB). Since extended descriptions for all the selected instruments are available in the literature, a synthetic description only is presented in Table I, whereas Table II summarizes the content validity   Table I . Synthetic description of the selected instruments BBS (23) poMA (24) FAB (25 of each instrument in terms of balance concepts. A referenced list of the excluded scales can be obtained on request from the corresponding author.
Patients recruited and procedures
All observations were collected by 4 raters (rater 1 and 2: 14.8% observations each; rater 3 and rater 4: 36.8% and 33.4%, respectively, of total observations) on a convenience sample of 217 patients. The mean age of the patients was 59.5 years (Sd 16.3; median 64 years) and 60.8% were men. Ischaemic stroke was the most common aetiology (48.8% of cases), followed by intracerebral haemorrhage (18.0%) and traumatic brain injury (11.1%). A range of other rarer aetiologies included subarachnoid haemorrhage (6.9%), central nervous system neoplasms (5.1%), mielopathies (3.7%) and peripheral neuro pathies (3.2%). For 85 inpatients pre-treatment and post-treatment observations were available, making a total sample of 302 observations available for analysis. pre-test observations were made, on mean, 22.4 days (Sd 26; median 15 days) after the acute event, whereas post-test observations took place, on mean, 49.3 days (Sd 39; median 39 days) after the acute event. Considering all cases, observations took place, on mean, 198.1 days (Sd 869.8; median 33 days) after the diagnosis. Given the skewed distribution implied by these data, after excluding 26 patients with time since lesion >6 months (20 of them were outpatients), for the remaining 275 observations the assessment took place on mean 38.9 days (Sd 30.5; median 31 days) after admission to the hospital. The median TCT score was 100 (mean score 87.4; scale range 0-100), whereas the median motor-FIM and cognitive-FIM scores were, respectively, 56 (mean score 54.7; scale mid-point 52) and 30 (mean score 27.5; scale mid-point 20).
Statistical analyses
Classical item and scale descriptive statistics. Analysis of the response category frequencies showed that TB01 (sitting balance) and FAB05 (tandem walk) were, respectively, the items with the highest ceiling effect (95.0%) and floor effect (79.5%).
Item missing value analysis showed that BBS, TB and Tw had missing data below a median of 1%, whereas FAB showed a higher percentage at 2.4%. Considering the whole item set, the median missing item rate was 0.3%. Item FAB10 (reactive postural control) had the highest percentage of missing values (11.4%).
person missing value analysis showed that complete data were available for 246 observations. The analysis confirmed that FAB had the highest content of missing items, accounting for 69.2% of missing total scores, whereas BBS and Tw accounted for, respectively, 13.1% and 12.3% of missing total scores. TB was the scale with the least missing responses (5.4% of non-calculable total scores). The 56 observations with missing values had from 1 to 13 missing items (median 1; mean 2.3).
The mean inter-item Spearman's correlation index was 0.667 (range -0.052-0.976) and the items assessing sitting balance (BBS03 and TB01) were the only 2 items that had a mean interitem correlation lower than 0.50 (0.33 and 0.23, respectively). The total scale score-item Spearman's correlation index was high (mean correlation 0.81; range 0.34-0.92) and, again, BBS03 and TB01 were the only 2 items with significantly lower correlations than other items (0.46 and 0.34, respectively). Finally, analysis of internal consistency reliability on complete data showed a very high Cronbach's alpha value (0.983), compatible with measurement at the individual level.
Preliminary assessment of unidimensionality of the merged item set. The CFA on the 40 items demonstrated sufficient unidimensionality for taking the item set forward with an RMSEA of 0.062, a SRMR of 0.078, a CFI of 0.996, and a Rasch analysis. A crude comparison of the operational range of the scales and of the total item set against a common underlying metric is shown in Fig. 1 . This shows that TB and FAB had, respectively, the lowest and the highest relative difficulty, whereas BBS and TW had, respectively, the wider and the shorter range of measurement. Furthermore, the total item set had a much wider measurement range than its originating scales. There were minimal floor and ceiling effects (1% each) when all scales were considered together. The initial Rasch analysis performed on the 40-item set showed serious misfit to the model, failing the assumptions of stochastic ordering, local independence and unidimensionality. The item analysis showed that 6 items (15%) overfitted the model (their response pattern was too predictable), 5 items (12.5%) had highly significant χ 2 values (signalling a lack of the expected stochastic ordering) and 20 items (50% of the total item set available for analysis) had disordered thresholds.
The next stage of the analysis involved the re-scoring of items with disordered thresholds according to clinically meaningful criteria specific for any individual item. After re-scoring the 20 items with disordered thresholds, the scale still failed to meet the model's expectations in terms of unidimensionality and invariance. Furthermore, analysis of the inter-item residual correlations showed that 18 pairs of items had residual correlations above 0.3, indicating the presence of local dependency, with several items involved in more than one pair. The item analysis showed that 5 items (12.5%) still showed misfit to the model.
After resolving all locally-dependent pairs of items, the remaining 31-item set thus obtained still failed to meet the model's expectations in terms of unidimensionality and invariance. After elimination of 3 misfitting items and re-scoring of a further item, the remaining 27-item set finally satisfied the model's expectations in terms of strict unidimensionality, local independence and invariance. All items showed to fit the model individually. At this stage, analysis of DIF was performed by testing the following factors: gender, age (≤ 55; 56-68; and ≥ 69 years), days since lesion (≤ 20; 21-43; ≥ 44 days), aetiology (ischaemic stroke; haemorrhagic stroke; TBI; other) and number of evaluations for patients (single, pre-test, post-test evaluations). No dIF was found for any of the tested group factors. Regarding persons, only one individual had a fit residual >2.5 (+ 4.03), indicating a significant departure from the model's expectations.
This final set of 27 items forms a new scale, the UBS, which has a total score ranging from 0 to 65. The contribution of the originating scales to the total score was as follows: BBS: 55.4%; FAB: 24.6%; and performance oriented Mobility Assessment (poMA): 21.5%. The uBS' item calibrations and the re-scoring pattern, as well as all the deleted items, are Fig. 1 . Comparison of the operational ranges of the balance scales. Given the limitation of the lack of fit to the Rasch Model, the graph shows that Tinetti Balance (TB) and Fullerton Advanced Balance scale (FAB) were found to be, respectively, the easiest and the most difficult scales, whereas performance oriented Mobility Assessment (poMA) (TB + Tinetti walking (TW)) had an intermediate level of difficulty. Furthermore, the total item set (Pre-analysis Unified Balance Scale, Pre-UBS) had a much wider measurement range than its originating scales. shown in Table III . The item hierarchy suggests that the easiest items are related, respectively, to quiet standing (TB04), postural change from sitting to standing (TB03 and BBS01), transfers (BBS05), and postural change standing to sitting (BBS04). On the other hand, the most difficult items were, respectively, turns (BBS11), stepping (FAB04), walking with head turns (FAB09), jumping (FAB08) and tandem walking (FAB05). The same table shows that all 5 balance concepts were represented within the uBS: quiet stance (1 item), anticipatory postural adjustment/transitions (14 items), sensory orientation (4 items), external perturbations (2 items) and stability in gait (6 items).
The person-item distribution map of the uBS (Fig. 2) shows that persons were evenly spread across 16 logits, although 20 persons were at the floor of the scale (floor effect: 6.6%). Two further groups of 20 and 16 persons were located, respectively, 1 and 2 logits further to the right in view of the relative poverty of score thresholds in this area of the measurement continuum. There was no evident ceiling effect (1%). The mean person ability of -0.859 logits indicated that, on average, the ability of the sample was relatively lower than the mean difficult of the item set. The mean standard error of the person ability estimates was 0.575, with a 95% CI of ± 1.127 logits (after exclusion of extreme persons, respectively, 0.510 and ± 0.999 In the upper part of the table, the final 27 UBS items, ordered by progressive difficulty from top to bottom, are displayed. Loc: item difficulty expressed in logits; SE: standard error of measurement; FR: fit residual; Prob: χ2 probability. The degrees of freedom for each χ2 were 4 for all items. For each item the re-scoring pattern is also presented. For instance, for item BBS01, the first, fourth and fifth original categories remained unchanged, whereas the second and third ones were collapsed into 1 category (01123). A, B, C, d, E represent, respectively, the balance concepts presented in Table II : A: quiet stance; B: anticipatory postural adjustments/transitions; C: sensory orientation; d: external perturbations; E: stability in gait. In the lower part of the table the 13 deleted items are displayed (in order of deletion). Unified Balance Scale logits) with a person reliability, expressed as pSI, of 0.971. As a consequence, persons could be separated in 9.04 ability strata. on the basis of the item calibrations, it was possible to construct a ruler to convert the uBS total score (obtained after item re-scoring) to linear estimates of ability. A working example of the uBS ruler is shown in Fig 3. The scoring guidelines, a training video, and both paper and pencil and Excel-based version of the uBS are available on request from the corresponding author.
Final confirmatory factor analysis. A final CFA confirmed the unidimensionality of the 27-item uBS, with CFI = 0.998; TlI = 0.998, RMSEA = 0.057, and SRMR = 0.033. The standardized loadings of the items were all 0.9 and above. dISCuSSIoN In this paper, a new activity-based, bed to community and aetiology-independent measure of balance within the neurorehabilitation setting was built by merging items from 3 existing balance scales using a combination of classical psychometric methods and Rasch analysis. In this way, a new 27-item scale (the uBS) was built, and it was demonstrated that it had superior metric properties than its originating scales; that is, a wider measurement range, being independent of the aetiology of the lesion causing the loss of balance, and covering all relevant aspects of balance from a conceptual standpoint. As uBS items satisfy the strict modern psychometric criteria required by the Rasch Model, it's simple summated raw score is a sufficient statistic for an estimate of a person's ability that can easily be converted into a linear estimate of balance satisfying the rules for fundamental measurement (30).
In this study, it was decided to make use of existing scales rather than building a new instrument, considering the relative abundance of currently available assessment tools for balance (7). This approach is likely to provide significant benefits from the clinical, the service provision, and the research standpoints. From the clinical point of view, the fact that 75% of uBS items are derived from well-known scales, such as the poMA and the BBS, may facilitate its applications in routine clinical contexts. From the service standpoint, it is envisaged that there may be little need to spend extra time and money in learning how to administer it, thus enhancing its acceptability by practitioners in comparison with a totally "new instrument". Finally, from a research perspective, the uBS might facilitate pooling of historical as well as of prospective data, both within a single centre and across difference centres and within different settings (i.e. the hospital and the community), thus providing a common frame of measurement for balance.
In order to select the most appropriate instruments for this study, we used criteria aiming at facilitating the acceptability (popularity), the generalizability (possibility of being applied to patients with balance problems from various aetiologies and the widest possible range of measurement), the interpretability (availability of cut-off scores for predicting the risk of falls) and, finally, the conceptual validity (coverage of as many subdomains of balance as possible) of the new instrument. The availability of cut-off scores is an important criterion for elucidating how well the new instrument will relate to widely used existing scale and their estimates for the risk of falling. In turn, this may facilitate the acceptability of the uBS. As far as the conceptual validity is concerned, we adopted a slightly modified version of the conceptual model for balance provided by Franchignoni et al. (8) . This provided a very efficient selection framework for the balance scales. For instance, a popular instrument such as TCT was excluded from the candidate scales in view of the presence of 2 items (rolling to weak and, respectively, strong side) that could not be linked to any balance subdomains, thus making explicit that the scale measured a separate construct from balance. At the same time, a relatively popular scale, the dynamic Gait Index, was discarded in view of the fact that it appeared to cover only the gait balance subdomain, whereas it did not assess "tandem walking", which was deemed to be an important activity for balance measurement. For the opposite reason, the FAB was preferred, although less popular, in view of the coverage of 4 out of 5 balance subdomains.
when merging items from different scales, it is of paramount importance that the chosen item set is unidimensional (30). As the hypothesis that these 3 scales measured the same construct was supported by analysis of literature, of content validity, as well as by classical item analysis of the chosen scales, we used CFA instead of EFA as a first choice to test the assumption of unidimensionality prior to fitting the data to the Rasch Model (12). As data are often modified during the Rasch analysis; for example, by deleting locally dependent items, and post-hoc tests for unidimensionality are then undertaken on the modified item set, our purpose was to guide the Rasch analysis by avoiding clear multi-dimensional data, which breaches the assumption of the model, and which is often difficult to deal with during the analytical process. As the objective, at this stage, was to identify a candidate set of items sufficiently unidimensional for Rasch analysis, we allowed more relaxed criteria for unidimensionality (RMSEA ≤ 0.10). Although CFA demonstrated that the 40-item set was sufficiently unidimensional to be taken forward for the subsequent Rasch analysis, the preliminary analyses signalled that the static sitting posture items (BBS03 and TB01) behaved somehow differently from the other items. Indeed, those 2 items were both eliminated within the subsequent analysis. A possible explanation for their different behaviour may lie in the fact that static postural control in sitting is likely to be influenced, especially in low-ability hemiparetic patients, also by trunk control, which is an allied but separate construct from dynamic balance.
within the Rasch analytical framework we needed to undertake an extensive re-scoring of most BBS and FAB items. This was entirely expected for both scales, as previous studies had already demonstrated suboptimal category functioning for BBS (8, 27) and FAB had very similar scoring criteria to BBS. Also, the discovery of several locally-dependent items was an entirely expected finding, considering the partial conceptual overlap between several items of the 3 scales (e.g. "pivot turns" were addressed by the following 3 items: BBS11, TB08, and FAB03). Local dependency may inflate reliability and leads to incorrect Fig. 3 . Working example of the Unified Balance Scale (UBS) ruler. The UBS ruler contains 3 parts: the Rasch Nomogram (A), which allows the conversion of total score into linear measures of balance ability; a graph (B) plotting the confidence interval due to measurement error around each total score; and (C) the individual item score map. The vertical dotted lines (d) allow 9 statistically distinct strata of ability to be distinguished. For this patient, a total score of 36 was generated, transforming the item raw scores with the re-scoring key provided in Table III . A vertical arrowed line crossing the obtained uBS total score (E) was drawn. Thus, it is possible to convert the total score into measures of balance ability, expressed in both logits (0.3) and percentage (47%). Two lines parallel to the measurement line were plotted considering the lower and upper 95% confidence interval around the person's ability, thus defining a measurement area (F) that contains the true measure of the subject with a confidence of 95%. Thus, it was possible to convert the total score of 36 into a balance estimate of 47 ± 4%, falling within the fifth stratum. The black horizontal bars on the score thresholds indicated the range of ability flagged by the given responses to each item. Most of the bars cross the measurement area as expected, either completely (G) or partially (h). however, the responses to some items do not cross the measurement area. Some of these responses are only 1 stratum away from the measurement area (I) and, therefore, are still compatible with the probabilistic expectations of the model. however, the responses to 2 items (J) are several strata away from the measurement area, thus signalling a significant departure from the model's expectation. It is notable that this individual patient appears to be unable to rise from sitting to standing, although he does appear able to perform tandem walking independently. This pattern belonged to the only subject who misfitted the model's expectations (person fit residual: +4.03). Careful inspection of his record demonstrated a transcription error of these 2 items' scores due to carelessness.
person estimates and, therefore, it has to be addressed properly (12). one way of doing so is to group items together in the form of "testlets" (a form of "super-item") (30, 31) although, in this instance, we preferred to adopt a strategy of the deletion of one item within a locally dependent pair, with the specific aim of reducing the item set to improve the usability of the scale.
The analysis of dIF demonstrated that the scale was also invariant across key demographic and clinical groups of patients. So, for instance, it was possible to demonstrate that the linear estimates of balance provided by the uBS were invariant across patients' age, the various aetiologies of the lesion causing the loss of balance, as well as across time. The lack of dIF for aetiology is particularly interesting from a clinical and research standpoint, as it ensures comparability of the assessment of patients and of the efficacy of treatments across a variety of balance problems with different neurological causes. on the other hand, regarding the lack of dIF across time, two relevant aspects were examined, i.e. the time elapsed from the onset and the possible effect of treatment on the estimation of item difficulty. The lack of DIF for all these factors suggests that the uBS may be used at various stages of the rehabilitation process, with younger or older patients, affected by acute or chronic balance problems.
The internal construct validity of the uBS was supported by several pieces of evidence. First, it contained items linking to all 5 recognized subdomains of balance, although some of these are less represented than others (such as "static balance" and "external pertubations"). Secondly, the hierarchical ordering of the items was consistent with clinical observations, as the easiest activities are the earliest motor tasks requiring balance (e.g. quiet standing, transfers, and postural changes from standing to sitting and vice versa), whereas the opposite end of the scale includes the most challenging dynamic activities requiring balance (turning, jumping, walking). Between those extremes the scale includes a variety of standing activities requiring balance, thus ensuring ample coverage of all balance subdomains. Finally, its items covered all activities that are associated with an increased risk of falls at various levels of functional independence, from the easier motor activities (transfers (32), postural changes from standing to sitting and vice versa (33) and standing (33) to the more challenging dynamic one (1-leg stance (34), reach forward task (34), pivot turns (32), and walking (32)).
The final UBS has an item content that makes it suitable for the assessment of both hospitalized and community-dwelling adults, supported by its wide measurement range. The possibility of measuring balance from bed to community with a single instrument with proven measurement properties may facilitate the follow-up of patients after discharge from the hospital or the assessment of community-dwelling older adults at risk of falls, thus avoiding the well-known ceiling effect problems of popular instruments such as the BBS (1) or the poMA (28). Notwithstanding the wide measurement range, the uBS was demonstrated to have an excellent level of reliability (0.971), as such that the scale was able to separate the sample into 9 statistically different groups of abilities that could offer the potential of identifying as many groups of patients with a progressively decreasing risk of falling.
Although not directly tested, some considerations can also be made on inter-rater reliability, considering that data were collected by 4 raters. Indeed, it is likely that any possible inconsistencies in ratings negatively influenced the scoring function of individual items and therefore were "absorbed" by the re-scoring procedure. As a consequence, the achievement of a stable scoring structure after re-scoring for all items across 4 different raters may indirectly suggest a high level of inter-rater reliability. This may be explained considering that the uBS is largely based on very well-known balance scales and that a detailed manual with scoring guidelines and a video were available. Also raters underwent only one session of patient-based training. This further suggests that the uBS may be easy to learn and to administer and, therefore, may easily be acceptable by both more-and less-experienced practitioners.
The uBS clinical ruler presented in this paper can also contribute to the acceptability of this new scale, considering that it does not only provide a simple method to transform the raw scores into linear measures of balance, but also can inform the practitioner on additional important aspects that can influence the individual patient's assessment and treatment. First, it provides a simple quality-control method for the measurement process of individual patients. By examining the item response pattern it may be possible to discover inconsistencies in ratings and a search for their most likely causes. In case of a rater's error or inconsistencies, this approach may provide instant feedback on how to correct the error and to improve future ratings. Secondly, the appraisal of individual response pattern may uncover areas of both strength and weakness (respectively, rating above and below the patient's measurement area) for that individual patient. This may constitute the basis for individualized treatment plans. Finally, the ruler provides a simple method correctly to interpret change scores occurring over time.
This study has a number of limitations. First, not all possible balance scales published in the literature (7, 8) or items could be evaluated and/or selected for the study. A second limitation relates to the main selection criteria adopted to enrol the sample. This was a convenience sample representing a cross-section of adults drawn from a single rehabilitation centre. This may limit the possibility of generalization of these findings to other samples, This, in turn, may have affected the analysis of dIF for aetiology as not all possible aetiologies encountered in all rehabilitation settings were tested. A third limitation is related to the sample size that, although sufficient for Rasch analysis, was too small to have a "set aside" sample which would have enabled us to validate the final scale further. There is thus a risk that the solution we have obtained has capitalized on chance with respect to fit to the model. As such, the raw-score interval scale transformation should be considered provisional at this time. Consequently, these findings require replication. A final limitation is related to the suboptimal targeting of the uBS, in view of the fact that approximately 20 % of the total observations were located near the floor of the scale. This is easily explained considering the specific admission criteria for the assessment of balance applied to a population of patients admitted to early rehabilitation. we could have used more restrictive admission criteria, although we preferred not to do so, considering that this low-ability group of patients is especially at risk for falls (32, 33) and therefore may take the greatest advantage from measurement of their balance ability.
Future studies are required to explore the classic psychometric and clinimetric profile for the UBS in order to evaluate, beyond internal construct validity, whether the uBS effectively measures balance according to external validation criteria. Furthermore, analysis of responsiveness (sensitivity to change) and interpretability (identification of cut-off scores with specific clinical meaning) are warranted. Another issue that needs to be addressed in future studies regards the usability of the uBS in routine clinical setting. The administration of 27 items may impose an important administration burden that may limit its usability in routine clinical contexts. As a consequence, methods to improve its usability are being developed.
In conclusion, the uBS has proven measurement properties and may be a candidate tool for balance measurement and fall risk assessment from bed to community for patients with balance problems with different neurological causes. Future studies are warranted to explore its external validity and other clinimetric properties, as well as to improve its usability.
